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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X - B l  

COMBUSTION STABILITY OF A HYDROGEN FUEL 

JET ISSUING NORMAL TO AN AIRSTREAM* 

By John W .  Sheldon, Gi lber t  B. Chapman, I1 
and Paul D.  Reader 

The l i m i t i n g  va lues  of t h e  geometric and l o c a l  flow v a r i a b l e s  a r e  
determined f o r  s t a b l e  combustion of an unobstructed hydrogen f u e l  j e t  
i s s u i n g  normal t o  an a i r s t ream.  
at p re s su res  between 0.4 t o  1.0 atmosphere i s  presented.  
blowout v e l o c i t y  from 10 t o  210 f e e t  per second w a s  covered. The da ta  
f o r  a s i n g l e  f u e l  j e t  a r e  co r re l a t ed  by parameters s i m i l a r  t o  those  used 
f o r  flame s t a b i l i z a t i o n  on a c y l i n d r i c a l  f lameholder.  Tile s t a b i l i z i n g  
e f f e c t  of c lose ly  spaced adjacent  f u e l  o r i f i c e s  i s  i l l u s t r a t e d  by  data 
f o r  two je ts  spaced 3 and 6 diameters  apar t .  

An extensive map of blowout condi t ions  
A range of 

INTRODUCTION 

Theore t i ca l  advantages o f  us ing  hydrogen f u e l  i n  a high a l t i t u d e ,  
high f l i g h t  Mach number ramjet engine are  shown i n  re ference  I. These 
advantages are a r e s u l t  of t h e  high r e a c t i v i t y  and cool ing capaci ty  of 
hydrogen. 

For i n l e t  a i r  pressure above 1 atmosphere and i n l e t  air ve loc i ty  be- 
low 300 f e e t  per  second, e f f i c i e n t  ramjet combustors u t i l i z i n g  hydrogen 
f u e l  have been developed, which do not  r equ i r e  flameholders,  b u t  s e a t  t he  
flame a t  each f u e l  i n j e c t i o n  o r i f i c e  on a spray bar (refs. 2 and 3) .  
This conf igura t ion  is  i n e f f i c i e n t  and unstable at more severe i n l e t  con- 
d i t i o n s  ( r e f .  4 ) .  

The program repor ted  he re in  was designed t o  determine t h e  l i m i t i n g  
va lues  of t h e  geometric and l o c a l  flow va r i ab le s  for s t a b l e  combustion of 
an anobstructed hytkogen j e t .  
f o r  s i n g l e  hydrogen j e t s  by a com%ination of +'lame blowouL p:Lrameters 
given i n  re ference  5. 

An attempt w a s  made t o  c o r r e l a t e  t h e  da ta  
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A 3- by 5-inch c ross - sec t ion  combustor w a s  used i n  t h e  tests. Sin-  
g l e  and mult ip le  f u e l  i n j e c t i o n  o r i f i c e s  were dr i l led normal t o  t h e  w a l l .  
A range of o r i f i c e  diameters from 0.028 t o  0.104 inch  w a s  covered. The 
s t a b i l i z i n g  e f f e c t  due t o  the i n t e r a c t i o n  of adjacent  je ts  w a s  i n v e s t i -  
ga ted  by varying t h e  o r i f i c e  spacing. 
f o r  a i r f lows of 1.0 t o  10.0 pounds p e r  second pe r  square foot  of combus- 
t o r  cross sec t ion  and fue i ' f l ows  pe r  o r i f i c e  of 0.4 t o  4.4 pounds pe r  
hour. 
temperature. 

" 

Blowout pressure  w a s  determined 

All tes ts  were conducted wi th  a i r  and f u e l  at  approximately room 

SYMBOLS 

D dime ter 

P pressure  

Re Reynolds number 

T temper at ure  

v ve loc i ty  

x,y,z cons tan t  exponents on D, P, and T, r e spec t ive ly  

v v i s c o s i t y  

P dens i ty  

cp equivalence r a t i o  

Subscr ipts  : 

a a i r  

J pe r t a in ing  t o  t h e  f u e l  j e t  at t h e  i n j e c t i o n  o r i f i c e  

APPARATUS 

The t e s t  f a c i l i t y  i s  diagrammed schematical ly  i n  f i g u r e  1. A i r  w a s  
supp l i edby  the  labora tory  air system at a pressure  of approximately 40 
pounds per square inch. The air flowed through an ASME standard metering 
o r i f  i c e  and w a s  then  r egu la t ed  by remotely c o n t r o l l e d  b u t t e r f l y  va lves .  
From t h e  con t ro l  va lves  air flowed through t h e  tes t  sec t ion  and i n t o  t h e  
laboratory a l t i t u d e  exhaust system. The pressure  l e v e l  i n  the tes t  sec-  
t i o n  w a s  con t ro l l ed  by b u t t e r f l y  valves  between t h e  t es t  sec t ion  and t h e  
a l t i t u d e  exhaust header. I 

1 

c 
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A ske tch  of t h e  r ec t angu la r  t e s t  sec t ion  is shown i n  f i g u r e  2. The 
fi; V-Pl L L",-, A I -  entei-iiig the t e s t  S e C t i G i i  acce ie ra ted  over the i - inch- th ick  block 
a t tached  t o  t h e  top  w a l l ,  which minimized t h e  boundary l a y e r  at t h e  po in t  
of f u e l  i n j e c t i o n .  The f u e l  flowed through a sonic  flow-metering o r i f i c e  
and w a s  then  i n j e c t e d  downward from an i n j e c t i o n  o r i f i c e  f l u s h  w i t h  t h e  
block.  I g n i t i o n  w a s  accomplished with a r e t r a c t a b l e  spark e lec t rode .  

Combustor s t a t i c  pressure  w a s  measured by a w a l l  t a p  i n  t h e  same 
c ross - sec t iona l  plane as t h e  f u e l  i n j ec t ion  o r i f i c e ,  
w a s  connected t o  a pressure  t ransducer  and t h e  t ransducer  output w a s  i n -  
d i ca t ed  on an automatic balancing x-y potentiometer.  

The pressure  t a p  

PROCEDURE 

Data Recording Procedure 

Before a blowout data po in t  w a s  taken, predetermined values  of f u e l  
and a i r f low rates were set .  
high value t o  e s t a b l i s h  a stable flame and t h e  spark e lec t rode  w a s  with- 
drawn. 
observed through a window i n  t h e  t e s t  sec t ion  and when blowout occurred 
a maxially appl ied  I l i p U C  t o  t h e  x-y recorder i d e n t i f i e d  the  value cor re-  
sponding t o  combustor pressure  at blowout. 

Combustor p r e s s u r e  w a s  set  at a s u f f i c i e n t l y  

Then the combustor pressure  was slowly reduced. The flame w a s  

For t h e  mul t ip le  o r i f i c e  configurat ions,  blowout w a s  considered t o  
occur when bo th  je ts  were out .  

T e s t  Conditions 

Blowout pressure  w a s  determined for  the fol lowing flow condi t ions:  

Airflow per  square f o o t  of combustor cross sec t ion ,  
lb / ( sec)  (sq f t )  . . . . . . . . . . . . . . . . . . . . .  1.0 t o  10.0 

0.4 t o  4.4 
I n l e t  air ve loc i ty ,  f t / s e c  . . . . . . . . . . . . . . . . . .  10 t o  210 

Combustor pressure,  atm . . . . . . . . . . . . . . . . . .  0.4 t o  1.0 
Fuel flow per  i n j e c t i o n  o r i f i c e ,  lb/hr . . . . . . . . . . .  

I n l e t  A i r  Velocity P r o f i l e  

A ve loc i ty  survey w a s  made i n  t h e  c ros s - sec t iona l  plane of f u e l  i n -  
j e c t i o n .  
su re  at eight ve r t i ca l .  pos i t i ons  i n  the duct .  
d i ca t ed  on a micromanometer and recorded f o r  two t y p i c a l  combustor-inlet  
condi t ions.  
temperature,  t h e  ve loc i ty  p r o f i l e s  were computed. These p r o f i l e s  were 
comparatively flat, vasying less than  ~8 percent  from t h e  average value 

A four- tube to t a l -p re s su re  rake w a s  used t o  measure t o t a l  p re s -  
These pressures  w e r e  i n -  

From these  t o t a l  pressures ,  t h e  s t a t i c  pressure,  and the  air 

( f i g .  3). R ,  

t-7 w 

coNFI*qL 
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RESULTS 

The combustion s t a b i l i t y  d a t a  are t abu la t ed  i n  t a b l e  I. Sketches 
of the three  genera l  types  of s i n g l e  j e t  flames are shown i n  f i g u r e  4.  
The data  a r e  p l o t t e d  i n  terms of blowout pressure ,  t h e  dependent varia- 
ble,  against  f u e l  f low f o r  var ious  values of a i r f l o w  ( f i g s .  5 to 8).  
For a given a i r f l o w  t h e  p l o t t e d  curve r ep resen t s  t h e  minimum pressure  
f o r  combustion, t h a t  is, blowout. Unstable combustion w a s  f r equen t ly  ob- 
served when t h e  opera t ing  pressure  w a s  w i th in  about 0.5 inch of mercury 
of the minimum value.  The approximate condi t ions  under which each gen- 
e r a l  type of flame w a s  observed i s  ind ica t ed  i n  f i g u r e  5. 

E f f e c t  of Flow Parameters 

Both a i r -  and fuel-f low rates have a s t rong  inf luence  on blowout 
pressure f o r  a s i n g l e  f u e l  i n j e c t i o n  o r i f i c e  ( f i g .  5 ) .  
f low an increase  i n  a i r f l o w  r a i s e d  th? blowout pressure ,  b u t  slowly 
enough so t h a t  t he  a i r  v e l o c i t y  a l s o  increased.  A t  constant  a i r f l o w  a 
minimum blowout pressure  cccurred a t  a comparatively low (subsonic)  f u e l  
flow. Blowout pressure  was reduced a t  t h e  h ighes t  f u e l - a i r  r a t i o s ;  how- 
ever ,  at th i s  condi t ion  t h e  f u e l  j e t  pene t ra ted  ac ross  t h e  combustor and 
blowout pressure  w a s  more l i k e l y  t o  be  dependent on t h e  duct geometry 
than  on t h e  o r i f i c e  geometry. 

A t  cons tan t  f u e l  

E f fec t  of Geometric Parameters 

The e f f e c t  of f u e l  i n j e c t i o n  o r i f i c e  diameter i s  i l l u s t r a t e d  i n  f i g -  
u r e  6.  The a c t u a l  da t a  p o i n t s  a r e  omit ted f o r  c l a r i t y ;  only t h e  f a i r e d  
d a t a  curves from f i g u r e  5 are shown. As  might be expected, t h e  blowout 
pressure i s  reduced at cons tan t  f u e l  flow by an increase  i n  i n j e c t i o n  
o r i f i c e  diameter.  For example, a t  an a i r f low of approximately 2.75 pounds 
pe r  second pe r  square f o o t  the  maximum blowout pressure  obtained wi th  t h e  
0.104-inch-diameter o r i f i c e  w a s  19.3 inches of mercury, while t h e  m a x i m u m  
blowout pressure  obtained wi th  t h e  0.052-inch-diameter o r i f i c e  w a s  24.3 
inches of mercury. Data presented  i n  re ference  6 f o r  a narrow range of 
f low conditions support  t hese  s i n g l e - j e t  da ta .  

Blowout da t a  f o r  two o r i f i c e s  spaced 3 diameters a p a r t  a r e  presented  
f o r  two o r i f i c e  diameters i n  f i g u r e  7. As flame blowout was approached 
(by lowering burner  pressure)  w i t h  the double-or i f ice  conf igura t ions ,  t h e  
two j e t s  would a l t e r n a t e l y  blow out  and r e l i g h t .  
when both j e t s  were out .  A t  t h e  h igh  f u e l  f lows, a i r f l o w  has l i t t l e  ef-  
f e c t  on blowout pressure .  
0.052-in.-diam. o r i f i c e s )  was between 20.6 and 24.2 inches of mercury 
f o r  a i r f lows from 2.4 up t o  6 .6  pounds per  second p e r  square foot  at f u e l  
f lows above 1.0 pound p e r  hour p e r  o r i f i c e .  The data f o r  two o r i f i c e s  
spaced 6 diameters  apa r t  ( f i g .  8) approach t h e  values obtained f o r  a s i n -  
g l e  o r i f i c e .  

Blowout w a s  recorded 

Blowout pressure  f o r  t h e  conf igura t ion  (with 

t 
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The f i i r e d  data curves f o r  an o r i f i c e  diameter of 0.052 inch  a r e  re- 
At a spac- p l o t t e d  i n  f i g u r e  9(a)  t o  show t h e  e f f ec t  of o r i f i c e  spaciflg. 

ing  of 3 diameters t he re  i s  a s t a b i l i z i n g  e f f e c t  of the adjacent  o r i f i c e  
producing an average reduct ion  i n  blowout pressure  of about 5 inches of 
mercury below t h e  s i n g l e - j e t  blowout p r e s s u r e .  The s l i g h t l y  poorer per-  
formance of t h e  two-jet  6-diameter spacing m a y  have been due t o  t h e  f low 
d is turbances  accompanying in t e rmi t t en t  blowout and r e i g n i t i o n  of a je t .  

A s i m i l a r  p l o t  f o r  t h e  0.081-inch-diameter o r i f i c e  gives  an average 
bLowout pressure  reduct ion t h a t  w a s  approximately 7 inches of mercury 
wi th  the 3-diameter spacing ( f i g .  9 (b ) ) .  The s t a b i l i t y  of the 6-diameter 
spacing approximated an average between t h e  s i n g l e  j e t  and t h e  3-diameter 
spacing. 

DISCUSSION 

Corre la t ion  Parameters 

The combustion s t a b i l i t y  of a normal i n j e c t e d  f u e l  je t  apparent ly  
depends upon t h e  flameholding ac t ion  of t h e  j e t .  The j e t  o f f e r s  an ob- 
s t r u c t i o n  to the a.irflow and t h e  flame seats i n  the r e s u l t i n g  r e c i r c u l a -  
t i o n  zone. This flameholding ac t ion  may be s i m i l a r  t o  t he  flameholding 
p rope r t i e s  of a cy l inder  i n  t h e  cross flow of a premixed f u e l - a i r  mixture. 
For the case of a c y l i n d r i c a l  flameholder, re fe rence  5 gives  t h e  follow- 
ing  r e l a t i o n  between the f low var iab les  at blowout: 

where x, y, and z a r e  empir ica l  exponents, a l l  p o s i t i v e  i n  s ign .  The 
values  of x and y were determined by t r ia l  and e r r o r  t o  be 0.5 and 
1.0, r e spec t ive ly .  Since t h e  f u e l  j e t  spreads as it flows out  of t h e  in-  
j e c t i o n  o r i f i c e  it is d i f f i c u l t  t o  determine the c o r r e c t l y  weighted diam- 
e t e r  t o  use  i n  t h e  s t a b i l i t y  r e l a t ion .  The i n j e c t i o n  o r i f i c e  diameter 
D j  w a s  decided upon w i t h  the in t en t ion  that the value of x could cor- 
r e c t  f o r  t h e  discrepancy between D j  and t h e  hypo the t i ca l  flameholder 
diameter. 

The temperature term w a s  dropped from the s t a b i l i t y  r e l a t i o n  s ince  
th i s  inves t iga t ion  w a s  c a r r i e d  out  a t  e s s e n t i a l l y  cons tan t  i n l e t  f u e l  and 
a i r  temperature condi t ions.  

The e f f e c t  of f u e l  flow on s t a b i l i t y  w a s  c o r r e l a t e d  by t h e  use of 
The f u e l  Reynolds number w a s  cine of mmy param- f u e l  Reynolds number. 

e t e r s  inspected; i t s  use w a s  prompted by t h e  c o r r e l a t i o n  of j e t  penetra-  
t i o n  ( r e f .  7 ) .  m e  fuel-f low r a t e  w a s  a comparatively i n s e n s i t i v e  
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parameter, e spec ia l ly  a t  t h e  low air v e l o c i t i e s  and consequently t h e  cor-  
r e l a t i o n  wi th  f u e l  Reynolds number should not  be  taken t o  imply a par -  
t i c u l a r  blowout mechanism. 

.. 

The e f f e c t  of equivalence r a t i o  w a s  assumed t o  be most d i r e c t l y  de- 
pendent upon a f u e l  Reynolds number def ined  as 

V j D j p j  
R e .  = 

J LJ. 

The s t a b i l i t y  r e l a t i o n  could then  be p l o t t e d  as P a q  aga ins t  Va 
f o r  curves of cons tan t  R e .  ( f i g .  10). While t h i s  s impl i f i ed  p i c t u r e  
of j e t  s t a b i l i t y  i s  helpfuf  i n  c o r r e l a t i n g  s i n g l e  j e t  blowout, it i s  
e n t i r e l y  ina.dequate when mul t ip le -  j e t  i n t e r a c t i o n  occurs.  

? 
N 
N 
UI 

Spray B a r  Combustor Design 

The combustion s t a b i l i t y  data f o r  t h e  ind iv idua l  hydrogen j e t s  may 
be used t o  p r e d i c t  t h e  s t a b i l i t y  l i m i t s  of a hydrogen combustor employing 
normal i n j e c t i n g  spray bars. 
erence 7, as w e l l  as observat ions made dur ing  t h i s  i nves t iga t ion ,  i n d i -  
c a t e  t h a t  f o r  p r a c t i c a l  fue l - f low rates the  f u e l  w i l l  pene t ra te  w e l l  pa s t  
t h e  spray bar boundary l a y e r ,  avoiding t h e  r e c i r c u l a t i o n  zone completely. 
A t  t h i s  condi t ion t h e  f u e l  j e t  should have s t ab i l i t y  c h a r a c t e r i s t i c s  
s i m i l a r  t o  t h e  w a l l  j e t .  

Calcu la t ions  based on the  method of ref-  

The i n t e r a c t i o n  of one f u e l  j e t  wi th  another  or with  combustor hard- 
w a r e  w i l l  probably have a favorable  e f f e c t  on combustion s t a b i l i t y .  
c reased  s t a b i l i t y  may r e s u l t  not only from reduced l o c a l  air v e l o c i t y ,  
bu t  a l s o  from t h e  a v a i l a b i l i t y  of i g n i t i o n  sources ,  f o r  example, a je t  
may blow o u t  bu t  be r e l i t  by nearby j e t  and hot  hardware. 
app l i ca t ion  of data repor t ed  he re in  t o  a spray ba r  combustor should give 
a conservative es t imate  of combustor s t a b i l i t y .  

In -  

Hence, t h e  

Wall Jet  Combustor 

The extensive map of combustion s t a b i l i t y  of a hydrogen j e t  pre-  
sen ted  here in  may be appl ied  t o  t h e  design of a combustor i n j e c t i n g  f u e l  
from t h e  wall. If t h i s  were done, t he  combustor-inlet  condi t ions must be 
less severe than  those  encountered i n  most ramjets. The poss ib l e  advan- 
tages of such a combustor are a low pressure  loss  and s impl i c i ty .  

z 

Data obtained ind ica t e  t h a t  a w a l l  j e t  combustor wi th  i n l e t  tempera- 
t u r e  of 80’ F would be r e s t r i c t e d  t o  an i n l e t  air v e l o c i t y  below 200 f e e t  
pe r  second a t  a combustor pressure  of 25 t o  30 inches of mercury. 

i 

,- . 



CONCLUSIONS 

The following conclusions were reached concerning t h e  combustion 
s t a b i l i t y  of a hydrogen f u e l  je t :  

1. M a x i m u m  s t a b i l i t y  f o r  a f u e l  j e t  occurs at  a l o w  (subsonic) f u e l  

2.  The parameter Pa*, previously used t o  descr ibe blowout of a 

i n j e c t i o n  ve loc i ty .  

premixed fuel-air  mixture from a c y l i n d r i c a l  flameholder, w a s  moderately 
e f f e c t i v e  i n  c o r r e l a t i n g  t h e  j e t  blowout data.. 

o r i f i c e .  1 
(Where is  t h e  air 

pressure and D j  is  t h e  diameter of t h e  f u e l  j e t  at t h e  

3. Large i n j e c t i o n  o r i f i c e s  produce more stable flames than  s m a l l  
i n j e c t i o n  o r i f i c e s  f o r  p a r t i c u l a r  values of t h e  combustor flow 
parameters. 

4. A s t a b i l i z i n g  e f f e c t  w a s  obtained from t h e  presence of adjacent  
f u e l  j e t s ,  b u t  t h e  e f f e c t  diminished rap id ly  with increased d i s t ance  be- 
tween o r i f  i c e s .  

Lewis Research Center 
Nat ional  Aeronautics and Space Administration 

Cleveland, Ohio, May 1, 1959 
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Lo cu cu 
I w 

0.0280 

TABm I.  - COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

T 
.0520 

(a) Number of o r i f i c e s ,  1 

O r i f i c e  
Liameter, 

i n .  

Airflow r a t e ,  
Lb/ ( s e e )  (sq f t  ) 

0.790 
.778 
.778 
.780 
.778 

.775 

.769 

.769 

.759 

.749 

1.41 
1.43 

1 
J 

1.43 

1.03 

1.03 
1.02 
1.02 
.976 
.976 

2.87 
2.86 

1 
2.86 
2.86 
2.93 
2.94 
2.93 

----?! 

Fuel- f l o w  
r a t e ,  
lb /hr  

0.208 
.168 
.215 
.252 
.296 

.391 

.373 

.438 

.474 

.516 

.155 

.232 

.250 

,334 

.385 

.424 

.472 

.516 

.148 

.199 

.241 
,282 
.34l 
.394 

.680 

.875 

.2a6 

1.04 
1.19 
1.33 

1.47 
1.63 
1.77 
1.92 
2.08 

Combust or 
s t a t i c  

pressure,  
i n .  Hg abs 

25.3 
22.8 
25.0 
27.0 
28.4 

26.4 
26.1 
28.6 
30.0 
29.8 

23.3 
24.5 
25.9 
26.6 
28.1 

28.7 
29.4 
30.4 
29.0 
22.5 

25.5 
26.9 
27.8 
29.7 
30.4 

23.7 
24.4 
24.3 
24.0 
23.9 

24.0 
23.6 
24.6 
23.9 
23.4 

Velocity, 
f t / s e c  

12.8 
13.9 
12.7 
11.8 
11.2 

12.0 
12.0 
11.0 
10.3 
10.3 

24.7 
23.8 
22.5 
21.9 
20.7 

20.2 
19.8 
19.1 
20.0 
18.5 

16.2 
15.4 
14.9 
13.3 
13.0 

50.3 
48.8 
49.1 
49.6 
49.9 

49.6 
50.6 
49.7 
51.4 
52.1 

9 
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TYBU I. - Continued. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

Or i f ice  
Ti m e t e r  , 

i n .  

0. j 20 

(a) Continued. Number of o r i f i c e s ,  1 

Airflow rate, 
lb/(sec) (sq f t  

Fuel- flow 
rate, 
l b / h r  

0.722 
.869 
1.04 
1.18 
1.33 

1.48 
1.63 
1.77 
1.92 
2.08 

,725 
.892 

1.03 
1.19 
1.34 

1.49 
1.63 
1.78 
1.93 
2.09 

.280 
-337 
.398 
.455 
.210 

.511 

.577 

.635 

.693 

.755 

.830 

.204 

.270 

.331 

.390 

Combust 01 
s t a t i c  

pressure ,  
i n .  Hg abs 

27.0 
26.7 
26.6 
26.9 
26.9 

27.2 
27.1 
26.9 
26.4 
26.4 

19.1 
19.7 
19.8 
19.2 
19.2 

20.1 
19.3 
18.9 
18.5 
18.0 

18.7 
17.9 
18.2 
19.2 
17.8 

18.8 
18.9 
18.8 
18.9 
19.1 

19.2 
19.2 
22.3 
22.4 
22.7 

Veloc it y 
f t / s e c  

56.9 
58.3 
57.5 
57.4 
57.8 

57.2 
57.5 
57.8 
59.0 
58.9 

36.3 
35.2 
35.0 
36.1 
34.8 

33.2 
34.6 
35.4 
36.1 
37.1 

36.6 
39.0 
38.4 
36.4 
39.2 

37.2 
36.9 
37.1 
36.9 
36.6 

36.4 
61.4 
52.9 
52.7 
52.0 
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Lo cu 
cu 
I w 

O r i f i c e  
liameter, 

i n .  

0.c 20 

(a) Continued. Number of  o r i f i c e s ,  1 

Airflow rate, 
Lb/(sec)(sq f t )  

2.80 

i 
2.78 
2.78 

3.77 I 
3.77 
3.78 

3.78 
1.20 

I 
1.20 

I 
1.20 

Fuel-f l o w  
ra te ,  
lb/hr 

0.453 
.513 
.562 
.563 
.558 

.563 

.629 

.689 

.737 

.824 

.269 

.209 

.334 

.393 

.451 

.512 

.577 

.638 

.706 

.759 

.828 

0 280 
.342 
.a1 

.518 

.580 

.642 

.699 

.759 

.821 

.573 

.725 
,882 

b 216 

1.03 

Combust or 
s t a t i c  

pres  sure , 
i n .  Hg abs 

22.8 
22.7 
24.8 
23.6 
22.9 

23.3 
23.5 
23.2 
23.8 
23.3 

24.9 
22.8 
25.5 
25.9 
26.4 

26.7 
26.8 
26.8 
26.5 
26.5 

26.0 
15.7 
15.6 
15.8 
16.4 

16.5 
16.7 
17.1 
17.2 
16.9 

17.3 
16.0 
16.6 
17.2 
17.5 

Velocity,  
f t / s e c  

51.7 
52.0 
47.6 
50.0 
51.5 

50.6 
50.2 
50.9 
49.2 
50.3 

63.1 
68.9 
61.8 
60.8 
59.5 

58.9 
58.7 
58.7 
59.3 
59.4 

60.4 
32.3 
32.5 
32.1 
30.9 

30.7 
30.4 
29.7 
29.5 
30.0 

29.3 
31.7 
30.6 
29.5 
29.0 



12 

TABLE I. - Continued. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

Or i f i ce  
iiameter ? 

i n .  

0.c 

.c 

20 

10 

(a) Continued. Number of o r i f i c e s ,  1 

Airflow r a t e ,  
t.b/ ( s ec )  (sq f t )  

1.20 

1 
3.38 

4. 6 

4.66 

4.63 
4.65 
4.68 

+ 
4.67 

6.35 
6.32 

1 
2.47 

2.51 
2.52 
2.48 

Fuel- f low 
rate 
lb/hr  

1.16 
1.32 
1.47 

1.08 

1.39 
1.71 
2.03 
2.20 
1.61 

2.15 
2.75 
2.74 
3.38 
1.56 

2.12 
2.73 
3.36 
3.95 

.772 

.767 

1.07 
1.39 
1.71 
2.03 
2.19 

.914 
1.38 
1.82 
2.09 
.7 67 

1.10 
1.40 
1.73 
2.05 
2.34 

FIDENTIAL 

Combustor 
s t a t i c  

p re s su re?  
n. Hg abs 

17.7 
17.9 
17.4 
21.3 
23.7 

24.3 
25.2 
24.9 
24.3 
23.3 

24.5 
23.4 
23.3 
22.4 
24.8 

27.7 
28.6 
27.4 
26.6 
22.7 

25.0 
26.2 
27.2 
27.3 
25.9 

26.3 
28.1 
29.2 
29.8 
19.8 

20.6 
21.6 
21.7 
20.5 
20.2 

Jeloc i t y  
f t / s e c  

28.6 
28.3 
29.2 
65.5 
58.7 

57.3 
55.2 
55.9 
57.3 
59.6 

56.7 
59.4 
59.6 
62.1 
77.5 

69.4 
67.2 
69.6 
71.9 
84.5 

76.5 
72.9 
70.3 
70.0 
73.8 

98.4 
91.8 
88.3 
86.6 
52.6 

51.5 
49.0 
47.9 
50.6 
51.3 

C . 
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TABLF: I. - Continued. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 
c 

(a)  Continued. Number of o r i f i c e s ,  1 

m cu cu 
I w 

O r i f i c e  
iamet er , 

i n .  

0.0810 

t 
.lo40 

A i r f l o w  r a t e ,  
III/ ( sec )  (sq f t )  

3.48 
3.40 

3.38 
3.42 
4.68 
4.90 
4.68 

6.57 
6.56 
5.06 
5.06 
5.04 

5.04 
5.04 
5.06 

1 
5.06 
5.06 
5.04 
5.06 
5.04 

5.04 
5.04 

5'1" 
6.55 

Fuel- f low 
ra te ,  
lb /hr  

0.658 
,817 
.392 
.388 
,554 

,729 
.833 
.404 
.536 
.778 

,773 
.549 
.684 
,772 
.864 

,986 

.797 
1.12 

1.36 
1.67 

.754 

.880 
1.53 
1.83 
1.98 

2.13 
2.25 
1.22 

.699 
* 919 

1.05 
1.07 
1.17 
1.29 
1.40 

Combustor 
s t a t i c  

pressure  , 
i n .  Hg abs 

19.6 
20.5 
17.5 
20.2 
20.0 

21.7 
21.9 
26.7 
23.9 
23.6 

25.8 
30.5 
21.3 
19 .3  
18.3 

18.3 
18.8 
20.7 
20.1 
21.1 

20.2 
18.5 
20.8 
21.7 
22.6 

22.7 
22.9 
19 .5  
22.4 
18.8 

19 .8  
20.7 
20.0 
2 0 . 1  
20.9 

Veloci ty ,  
f t / s e c  

53.6 
51.2 
59.9 
70.7 
69.6 

63.8 
63.9 
71.5 
82.9 
80.5 

103.0 
86.8 
99.3 

109.2 
114.7 

114.7 
111.7 
102.0 
104.9 
100.0 

104.4 
114.2 
101.0 

97.2 
93.0 

92.7 
91.9 

108.4 
94.2 

112 .1  

138.2 
132.8 
137.2 
136.9 
131 .6  
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TABU I. - Continued. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

(a) Continued. Number of o r i f i c e s ,  1 

Ori f ice  
Iiameter, 

in .  

0.1 40 

Airflow r a t e ,  
l b / ( s e c )  (sq f t )  

6.55 I 
6.55 
6.55 
6.56 
6.56 
8.19 

8.19 
8.19 
7.99 
7.99 
3.05 

3.03 
3.04 
3.03 
3.04 
3.06 

3.05 
3.04 
3.04 
6.66 
6.68 

6.71 
6.68 
6.71 

i 
6.71 
6.67 
3.02 

I 

Fuel-  f low 
rate, 
lb/hr 

1.54 
1.65 
1.77 
1.89 
2.02 

2.14 
2.25 
.911 
.796 

1.49 

1.72 
1.95 
2.25 
1.12 
1.84 

2.16 
2.46 
2.78 
3.09 
3.41 

3.72 
4.03 
4.40 
1.84 
2.16 

2.48 
2.78 
3.12 
3.42 
3.72 

4.04 
4.41 
1.89 
2.45 
3.09 

’- . 

- -~ 

Combus t o r  
s t a t i c  

p re s  sure  , 
i n .  H g  abs 

21.2 
21.6 
22.1 
22.5 
23.2 

23.2 
23.6 
22.2 
25.0 
23.0 

22.7 
22.9 
24.3 
23.0 
19.0 

19.5 
19.4 
19.5 
19.8 
19.7 

19.8 
19.2 
18.9 
21.9 
22.9 

23.3 
24.6 
24.9 
26.3 
26.7 

27.6 
28.6 
19.9 
19.6 
19.6 

~~ - 
Velocity,  

f t / s e c  

-- 

129.5 
127.3 
124.3 
122.2 
118.5 

118.3 
116.3 
123.5 
109.9 
148.6 

150.9 
149.5 
137.3 
145.4 
67.5 

65.4 
65.9 
65.4 
64.6 
65.2 

64.5 
66.3 
67.4 
127.6 
121.9 

120.2 
113.3 
112.6 
106.6 
105.0 

101.6 
97.5 
64.0 
65.0 
65.0 
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Velocity, 
f t / s e c  

TABLE I. - Continued. COMBUSTION STABILITY DATA FOR m O G E N  RTEL JET 

Ln cu cu 
I w 

O r i f i c e  
diameter,  

i n .  

0.1040 

.c 

(a) Continued. Number of o r i f i c e s ,  1 

Airflow r a t e ,  
Lb/(sec) (sq f t )  

3.02 

2.96 
+ 
i 

2.96 
2.08 I 
2.08 

I 
2.08 

1.28 
+ 

1.28 
5.07 
5.06 
5.07 
5.05 

6.59 
6.59 
3.01 
3.01 
3.00 

3.00 
2.22 
2.22 
2.22 
5.04 

Fuel-flow 
rate , 
lb /hr  

3.72 
4.32 

1.04 
1.35 

1 . 7 5  

1.09 
1.43 
1 . 7 1  

.763 

.795 

.982 
1.22 
1.56 

1.83 

1.97 
2.25 

,704 

.748 

.718  
1.05 

1.19 
1.59 
2.14 
2.79 
4.05 

2.00 
3.51 
1.65 
3.30 

.a86 

1.88 

1.31 
2.02 
2.02 

.792 

Combus t o r  
s t a t i c  

p re s su re  , 
i n .  Hg  abs 

19.8 
18.8 
16.2 
17.4 
18.1 

19.3 
15.1 
16 .4  
16.9 
17 .1  

15.9 
16.5 
17.0 
15.3 
16.8 

16 .3  
16.7 
13.9 
13.7 
13.7 

13.8 
21.2 
24.2 
27.4 
27.3 

23.8 
29.8 
20.4 
20.4 
17 .2  

21.0 
15 .9  
18.7 
1 9 . 4  
23.8 

64.4 
67.6 
77.3 
72.0 
69.2 

64.9 
58.5 
53.9 
52 .4  
51.8 

55.8 
53.6 
52.0 
57 .8  
52.6 

54.4 
53.1 
39.1 
39.7 
39.7 

39.4 
99.5 
87.0 
77.2 
77.1 

115.1 
91.9 
61.6 
61.5 
72.5 

59.4 
58.3 
49.3 
47.7 
88.2 
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Y 

TABLE I. - Continued. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

0.0520 

Orif ice  
diameter , 

i n .  

t 

(a) Concluded. Number of o r i f i c e s ,  1 . .  

Airflow r a t e  , 
l b / (  s ee )  (sq f t )  

5.05 
5.03 
6.52 
6.54 
6.53 
8.14 
8.16' 

Fuel- f low 
r a t e  , 
l b / h r  

1.49 

1.03 
1.47 
2.07 
2.09 
1.52 

.847 

Combus t o r  
s t a t i c  

p re s  sure , 
i n .  Hg  abs 

21.8 
23.5 
26.7 
23.8 
25.1 
27.7 
27.4 

Velocity,  
f t / s e c  

96.6 
89.0 
101.4 
114.1 
108.0 
122.2 
124.0 

(b) Number of o r i f i c e s ,  21 o r i f i c e  spacing, 3 o r i f i c e  diameters 

3.51 
3.51 
3.50 

3.50 
5.43 
5.57 
5.54 
5.57 

5.57 
5.56 
5.57 
5.57 
6.58 

6.68 
6.71 
6.69 
6.70 
6.70 

6.69 
6.63 
6.63 
2.45 
2.43 

0.751 
.935 

1.08 
1.32 
1.62 

1.94 

1.20 
1.35 
1.51 

1.66 
1.83 
1.95 
2.08 

.736 

.755 

.899 

.737 
1.04 
1.24 
1.44 

1.60 
1.79 
1.92 
.756 
.956 

18.3 
20.5 
21.8 
23.8 
22.4 

24.2 
19.9 
22.7 
24.2 
22.8 

22.4 
23.5 
23.4 
23.4 
24.2 

20.7 
22.2 
22.4 
21.7 
21.3 

21.4 
21.3 
20.9 
18.2 
20.7 

79.9 
71.3 
66.9 
61.3 
65.1 

60.3 
113.6 
101.3 
94.5 
100.8 

102.7 
97.7 
98.3 
98.3 
112.2 

133.0 
124.5 
123.1 
127.2 
129.5 

128.8 
128.3 
130.5 
55.5 
48.5 
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TABLE I. - Continued. 

(b) Continued. 

COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

Number of o r i f i c e s ,  2; o r i f i c e  spacing, 
3 o r i f i c e  diameters 

O r i f i c e  
diameter , 

i n .  

0.0520 

Airflow r a t e ,  
Lb/ ( sec )  (sq f t )  

2.44 
2.44 
2.42 
2.42 
6.48 

6.49 
6.50 

I I  5.42 

1 
1 

3.51 

3.51 

3.49 
4 

1 
3.49 

2.38 
1 
I 
1 

2.38 

Fuel- flow 
r a t e ,  
l b / h r  

1.26 
1.45 
1.68 
1.93 
.374 

.512 

.651 

.815 

.431 

.556 

.860 

.381 

.523 

.677 

.808 

.910 

.383 

.548 

.733 

.912 

,151 
.234 

,330 
.392 
.146 
.156 
.229 

.269 

.306 

.344 

.384 

.a3 

1.00 

1.02 

1.05 

Combus tor 
s t a t i c  

pressure ,  
in.  H g  abs 

21.7 
21.3 
21.2 
20.6 
16.8 

19.4 
20.9 
21.5 
21.1 
24.2 

2i.9 
25.2 
20.5 
19.1 
19.5 

21.8 
23.6 
22.5 
15.8 
18.2 

21.8 
22.7 
23.1 
20.2 
17.2 

15.6 
17.2 
14.3 
13.6 
13.4 

14.2 
14.4 
15.3 
15.8 
16.4 

Veloc i ty  , 
f t / s e c  

46.4 
47.3 
47.6 
48.9 
60.0 

52.3 
48.6 
47.0 
47.7 
111.0 

123.1 
106.9 
109.7 
117.7 
115.3 

103.1 
95.3 
100.0 
92.1 
79.9 

66.8 
64.2 
62.6 
71.7 
84.2 

92.9 
84.2 
69.8 
73.1 
74.2 

70.0 
69.0 
65.0 
62.9 
60.6 
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.0810 

'I 

TABLE I. - Continued. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

(b)  Continued. Number of o r i f i c e s ,  2; o r i f i c e  -,pacing, 
3 o r i f i c e  diameters 

Or i f i ce  
3iameter, 

in .  

5.32 
5.32 
5.29 

1 

I 
5.29 
6.45 
6.41 

6.41 
4.68 
4.69 
4.70 
4.70 

4.70 
6.30 

1 
6.31 
6.31 
9.44 
9.47 
9.45 

9.44 
3.40 

1 

Fuel- f l o w  
r a t e ,  
lb/hr 

0.146 
.182 
.286 
.326 
.382 

.409 

.253 

.301 

.330 

.375 

.409 

.793 
1.14 
1.49 
1.86 

2.16 

1.04 
1.34 
1.74 

2.03 
2.25 
1.05 
1.36 
1.70 

2.19 

1.11 
1.43 
1.78 

2.25 

.751 

.803 

.379 

.576 

.744 

.946 

Combus t o r  
s t a t i c  

pressure ,  
.n. Hg abs 

26.5 
26.9 
23.5 
21.1 
19.4 

18.8 
29.7 
28.8 
28.1 
24.8 

22.7 
17.2 
15.7 
16.5 
17.7 

19.9 
26.8 
18.9 
17.5 
17.8 

19.7 
20.0 
28.6 
23.8 
21.4 

20.5 
13.3 
14.5 
16.8 
17.8 

19.0 
18.2 
14.5 
13.1 
13.2 

Veloci ty  , 
f t / s e c  

83.6 
82.4 
94.0 
104.4 
113.5 

117.1 
90.1 
92.5 
94.7 
107.3 

117.2 
111.4 
122.2 
116.8 
108.9 

96.3 
96.2 
136.5 
147 .O 
145.0 

130.8 
128.8 
134.5 
162.6 
180.6 

188.0 
104.9 
96.1 
83.3 
78.4 

73.5 
76.7 
96.1 
106.5 
105.7 
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TX!ZLE I. - Cnnt.i_niied. COMBUSTION STABILITY DATA FOR rrYDROGEN FUEL JET 

(b) Concluded. Number of o r i f i ce s ,  2; o r i f i c e  spacing, 
3 o r i f i c e  diameters 

O r i f i c e  
a i  m e t e r  , 

i n .  

0.0 10 

Airflow r a t e ,  
Lb/(sec)(sq f t )  

3.40 
4.67 
4.68 
4.67 
4.68 

4.68 
6.20 
6.21 
6.26 
6.25 

9.63 
9.68 
9.50 
9.47 
9.56 

9.56 
9.56 
6.22 

I 

Fuel-f low 
ra te ,  
lb/hr 

1.12 
.391 
.576 
.793 
.952 

1 . 1 2  
.454 
.620 
.816 

1.10 

.941 
1.09 
2.47 
3.47 
4.50 

5.58 
6.10 
2.62 
3.77 
4.56 
5.78 

Combus t o r  
s t a t i c  

pressure,  
i n .  Hg abs 

14.5 
22.5 
19.2 
16 .2  
15.3 

15.5 
26.1 
24.8 
20.4 
19 .1  

28.2 
25.5 
26.3 
20.2 
21.9 

18.8 
19.4 
17 .5  
18.9 
21.1 
18 .7  

Velocity,  
f t / s e c  

96.4 
85.3 

100.2 
118.8 
125.7 

124.5 
97.6 

103.0 
126.1 
134.5 

140.3 
155.6 
149.7 
194.0 
180.1 

210.5 
203.6 
146.8 
136.4 
121.8 
137.2 

( c )  Number of o r i f i c e s ,  21 o r i f i c e  spacing, 6 o r i f i c e  diameters 

2.49 I 
2.51 
2.49 
3.49 

I 

0.142 
.191 
.241 
,285  
.332 

,383 
.404 
.144 
.193 
.239 

23.0 
21.8 
22.0 
21.8 
21.7 

21.7 
21.6 
28.3 
26.7 
26.1 

44.9 
47.4 
46.9 
47.5 
47.6 

47.9 

51.2 
54.2 
55.4 

47.8 

CONFIDENTIAL 
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0.0520 
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TABLE I. - Continued. COMBUSTION STABILITY DATA FOR RYDROGEN FUEL JET 

( e )  Continued. Number of o r i f i c e s ,  2; o r i f i c e  spacing, 
6 o r i f i c e  diameters 

Or i f ice  
diameter, 

in. 

Airflow r a t e ,  
I b / ( s e c )  (sq f t )  

3.49 
3.50 
3.49 I 
i 

3.49 
3.51 
3.52 

2.32 

1 
2.49 
2.47 
2.49 I 
3.50 

1 
3.51 
3.50 

3.50 
1.66 I 
1.68 
1.68 
1.55 

Fuel- flow 
r a t e ,  
lb/hr 

0.281 
.326 
.367 
,407 
.375 

.479 

.634 

.777 

.872 

.994 

.389 

.510 
,635 
.782 
.990 

.801 
1.04 
1.29 
1.55 
1.79 

.759 
1-01 
1.24 
1.51 
1.75 

2.00 
,705 
.938 

1.21 
1.43 

1.67 
2.00 
.427 
.525 
.642 

Combus t o r  
s t a t i c  

pres  sure, 
i n .  Hg abs 

25.8 
25.3 
25.4 
25.9 
25.6 

25.3 
25.2 
26.9 
28.3 
28.9 

21.3 
21.5 
22.8 
24.4 
24.6 

22.3 
24.3 
26.1 
25.4 
24.9 

25.7 
26.4 
28.3 
28.8 
28.8 

29.2 
19.0 
20.4 
20.8 
20.4 

18.7 
18.1 
17.5 
19.2 
20.1 

Veloci ty  , 
f t / s e c  

56.1 
57.3 
56.9 
55.8 
56.4 

57.3 
57.7 
54.2 
51.6 
50.4 

45.1 
44.7 
42.2 
39.4 
39.1 

46.3 
42.2 
39.6 
40.7 
41.5 

56.5 
55.0 
51.3 
50.5 
50.3 

49.6 
36.3 
33.8 
33.1 
33.8 

37.3 
38.5 
36.7 
33.6 
32.0 

M 
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TABLE I. - Concluded. COMBUSTION STABILITY DATA FOR HYDROGEN FUEL JET 

( c )  Concluded. Number of o r i f i c e s ,  2j o r i f i c e  spacing,  
6 o r i f i c e  diameters 

Airflow r a t e ,  
~ b /  ( s e c )  (sq ft) 

1.55 I 
1.55 

1 
5.42 

5.4% 
5.43 

1 

1 
3.53 

3.53 

6.54 
6.55 

6.56 
6.60 
6.57 
6.60 
6.57 

5.41 
5.45 
5.47 
3.58 
3.60 
3.60 

Fuel- f l o w  
r a t e ,  
lb/hr 

0.784 
,902 

1.02 
.170 
.138 

.218 

.369 

.336 

.a2 

.410 

.610 

.787 

.914 

.387 

.a4 

.849 

.582 

.826 

1.07 

1.08 

1.07 

1.33 
1.87 
2.17 

.840 

.828 
1.35 
1.97 

1.39 
1.97 

.808 

Combust o r  
s t a t i c  

pressure ,  
i n .  H g  abs 

19.9 
20.2 
19.5 
17.2 
18.0 

17 .O 
17.1 
16.9 
18.3 
27.8 

23.7 
22.3 
22.8 
22.7 
20.7 

18.7 
19.2 
19.1 
30.4 
27.1 

25.0 
27.8 
25.8 
25.2 
24.1 

24.6 
23.5 
22.6 
19.5 
19.4 
20.8 

Veloci ty  , 
f t / s e c  

32.3 
31.8 
33.0 
37.4 
35.7 

37.8 
37.5 
38.0 
35.1 
80.4 

94.3 
100.4 
98.4 
98.6 
70.4 

78.1 
76.1 
76.2 
88.7 
99.7 

108.0 
97.4 
105.0 
107.7 
112.2 

90.5 
95.3 
99.4 
75.6 
75.5 
71.3 
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I Fue l  i n j e c t i o n  o r i f i c e  
V e r t i c a l  s t a t i o n s  

Combustor c r o s s  s e c t i o n  a t  t h e  p o i n t  of f u e l  i n j e c -  
t i o n  look ing  downstream (dimensions i n  i n c h e s ) .  

D i s t ance  from t o p  w a l l ,  i n .  

( a )  Combustor p r e s s u r e ,  14 .O inches  of mercury a b s o l u t e .  

F igure  3. - Combustor i n l e t  v e l o c i t y  p r o f i l e .  

COWIDnVTIAL 
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16 

16 

15, 

15, 

151 

lac 

V e r t i c a l  s tat  ions  
F u e l  i j e c t i o n  o r i f i c e  

Combustor c r o s s  s e c t i o n  a t  t h e  p o i n t  of f u e l  i n j e c -  
t i o n  looking  downstream (dimensions i n  i n c h e s ) .  

Dis tance  from t o p  w a l l ,  i n .  

( b )  Combustor p r e s s u r e ,  26.8 inches of mercury a b s o l u t e .  

F igu re  3. - Concluded. Combustor i n l e t  v e l x  ity p r o f i l e  . 
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( a )  Fuel  i n j e c t i o n  o r i f i c e  diameter,  0.028 inch 

I 

0 
0 

A 
0 

I I 1  
Airflow r a t e ,  
lb/( see )  (sq f t )  

1.20LO.01 
1.63*0.05 
2.86*0.10 
3.7310.05 

Fuel-flow r a t e  per o r i f i c e ,  l b /h r  

( b )  Fuel  i n j e c t i o n  o r i f i c e  diameter,  0.052 inch .  

F igure  5. - Varia t ion  of blowout pressure wi th  f u e l  f low f o r  s i n g l e  f u e l  
i n j e c t i o n  o r i f i c e s .  ,. 
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( c )  Fue l  i n j e c t i o n  o r i f i c e  diameter ;  0.081 inch .  

32PT? Flame type A 

1 2 
Fuel-flow r a t e  p e r  o r i f i c e ,  l b / h r  

( d )  Fuel  i n j e c t i o n  o r i f i c e  d iameter ,  0.104 inch.  

Figure 5 .  - Concluded. Var ia t ion  of blowout pressure  wi th  f u e l  flow r a t e  f o r  s i n g l e  
f u e l  i n j e c t i o n  o r i f i c e s .  
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1 2 3 4 5 
Fuel-flow r a t e  p e r  o r i f i c e ,  l b /h r  

Figure 6 .  - Variat ion of blowout pressure with fuel-f low r a t e  
f o r  d i f f e r e n t  f u e l  in jec t ion  o r i f i c e  diameters.  Airflow 
r a t e ,  2.75k0.30 pounds per  second p e r  square f o o t .  
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l2 0 .4 .8 1.2 1.6 2 .o 2.4 

32 

28 

24 

20 

16 
+- Air f low r a t e ,  

l b / (  s e c )  ( s q  f t  ; 

2.4250.05 0 t 0 3.50~0.01 
0 5 .44&0 .15 
A 6 .56&0.15 I 

Fuel - f low r a t e  p e r  o r i f i c e ,  l b / h r  

( a )  F u e l  i n j e c t i o n  o r i f i c e  d i a m e t e r ,  0 .052  i n c h .  

F igu re  7 .  - V a r i a t i o n  of  blowout  p r e s s u r e  w i t h  f u e l - f l o w  r a t e  f o r  two f u e l  
i n j e c t i o n  o r i f  i c e s  spaced  3 o r i f  i c e  d i a m e t e r s  a p a r t .  
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3 
- 

12 
0 1 2 3 

7 

Airflow rate, 
lb/( sec)  (sq f t )  

0 3 .40~0 .01  
0 4.70kO .05 
0 6.26k0.05 
A 9.55kO. 15 

I I I I I 
4 5 6 

Fuel-flow r a t e  per o r i f i ce ,  lb /hr  

( b )  Fuel in jec t ion  or i f ice  diameter, 0.081 inch. 

Figure 7.  - Concluded. Variation of blowout pressure with fuel-flow r a t e  f o r  two f u e l  
in jec t ion  o r i f i c e s  spaced 3 o r i f i c e  diameters apa r t .  
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( a )  F u e l  i n j e c t i o n  o r i f i c e  d i ame te r ,  0.052 i n c h .  

0 .4 .8 1.2 1.6 2 .o 2 . 4  
Fuel-flow rate p e r  o r i f i c e ,  l b / h r  

( b )  F u e l  i n j e c t i o n  o r i f i c e  d i a m e t e r ,  0.081 inch .  

Figure 8 .  - V a r i a t i o n  of blowout p r e s s u r e  w i t h  fue l - f low r a t e  f o r  two f u e l  
i n j e c t i o n  o r i f i c e s  spaced  6 o r i f i c e  d i ame te r s  a p a r t .  
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( a )  O r i f i c e  d i ame te r ,  0.052 inch;  a i r f l o w  rate ,  3.64k0.15 pounds p e r  s ec -  

ond p e r  squa re  f o o t .  
28 

24 

20 

16 

12 
Fuel-flow r a t e  per o r i f i c e ,  lb /hr  

.4 

( b )  O r i f i c e  d i ame te r ,  0.081 inch ;  a i r f l o w  r a t e ,  3.5Lk0.10 pounds p e r  s ec -  
ond p e r  square  f o o t .  

F i g u r e  9 .  - E f f e c t  of i n j e c t i o n  o r i f i c e  spac ing  on blowout f o r  va r ious  
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a3 a (a) Fue l  Reynolds nurnbe:, 6.53D. %lo7 
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( e )  F u e l  Reynolds number, 19 .5*O.5x1O7. 
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9 .A 
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P 
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V e l o c i t y ,  f t / s e c  

( f) F u e l  Reynolds number, 2.).0+1 .0x107 

F igure  10. - Concluded. S i n g l e  j e t  c o r r e l a t i o n  
parameters.  
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